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Abstract

Background: Gastric cancer has been introduced as the second cause of cancer death worldwide. Helicobacter pylori infection is
considered one of the main risk factors for this type of cancer, so that it has been classified as group I carcinogens.
Objectives: The present research intended to examine the prevalence of cagA, cagC, virB2, vacA, and genotype distribution in H.
pylori-infected biopsies and adenocarcinoma cases.
Methods: Thirty-four H. pylori gastric biopsies taken from Western Iranian patients that were diagnosed as gastritis, gastric ulcers,
and adenocarcinoma were used in this study. Two samples were taken from each patient. These samples were selected based on
endoscopic observations and histological examinations. The presence of H. pylori was confirmed by the Rapid Urease test (RUT) and
the ureC gene by the polymerase chain reaction (PCR) technique. Then, specific primers for vacA and cagPAI were used for genotyping
H. pylori by PCR-typing.
Results: The obtained results showed that 86.8% of the samples were H. pylori-positive. Moreover, the cagA gene prevalence was
51.50% in the samples. In addition, the adenocarcinoma outcome was significantly related to all selected genes. Likewise, some
gastric diseases such as gastric ulcers, duodenal ulcer (DU), gastritis, lymphoid, and gastroesophageal reflux disease (GERD) were
observed in adenocarcinoma cases. It was also found that the vacAs1m1i1 genotype plays an important role in gastric malignancies.
The most frequent vacA genotype in the H. pylori-infected isolates was s1m1i1, and the observed frequency of vacA and cagA genes in
adenocarcinoma was statistically significant.
Conclusions: The findings showed that H. pylori vacA and cagA gene virulence factors are associated with adenocarcinoma in West-
ern Iranian patients.
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1. Background

Helicobacter pylori has been introduced as one of
the microaerophilic spiral-shaped Gram-negative bacteria,
which belongs to Epsilonoprotobacteria, colonizing in the
gastric mucosa layer of 50% of the population during their
lifetime worldwide (1-3). Its transmission mainly occurs
through the fecal-oral and oral-oral routes or contami-
nated sources such as contaminated water supply; how-
ever, the observed mechanism varies from person to per-
son (2). Studies have shown a correlation between the in-
fection caused by this bacterium and different kinds of gas-
tric conditions like chronic superficial gastritis, gastric in-
flammation, chronic active gastritis, duodenal ulcers, gas-
tric cancer, and peptic ulcer disease (4).

Some clinical symptoms in patients with gastroduo-
denal disease are vomiting, gastrointestinal bleeding, and
weight loss. Moreover, some people suffer from stomach
ulcers, dysphagia, difficulty swallowing, reflux, atrophy,
and indigestion (5). In addition, the worldwide mortality
rate due to gastric cancer remains high, specifically in Asia
and some developing countries (2). Although gastric can-
cer occurrence is slowly decreasing in the West, it remains
the second most common cause of death from cancer all
over the world. It has been estimated that gastric cancer is
responsible for 700,000 cases of H. pylori-associated mor-
bidity around the world (6). Despite the increased per-
vasiveness of H. pylori worldwide, the infected people are
mostly asymptomatic. Therefore, it is evident that the risk
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of developing gastric carcinoma is largely higher in H. py-
lori-infected people than in uninfected ones (7). For this
reason, the treatment of infected individuals has become
a big challenge in medical services (2).

In general, patients and asymptomatic individuals ac-
quire H. pylori during childhood or adolescence (8). How-
ever, statistics indicate that the prevalence of this bac-
terium is higher in developing countries than in developed
countries (90% versus 25%) (9). Based on previous stud-
ies, the prevalence of infection in Iran ranges from 60 to
90% (2, 10). The risk of human infections with H. pylori de-
pends on several factors, including age, gender, diet, type
of bacterium, environmental factors, genetic diversity of
bacterium, and host factors (11, 12). In addition, H. pylori
has the greatest heterogeneity among enteric bacteria in
terms of genetic content so that conserved gene sequences
have diversities in many strains. Hence, H. pylori infection
depends on different factors such as environmental con-
ditions, hygiene level of society, and the characteristics of
the organism that affect disease outcomes, including viral
genes like vacA, iceA, dupA, cagA, babA, and homB.

Many virulence factors of H. pylori, such as cytotoxin-
associated gene A (cagA), vacuolating cytotoxin A (vacA),
urease, adhesins, and flagella, are involved in its patho-
genesis. Indeed, H. pylori adhesins contain outer mem-
brane proteins (OMPs), including DupA, IceA, OipA, AlpA/B,
HomB, HopZ, OipA, SabA, and BabA (11, 13, 14) that make
this bacterium as one the most prevalent pathogens in hu-
man stomach diseases (15, 16). Some of these genes seem
to be linked with gastric inflammation. According to re-
search, cag pathogenicity island (cagPAI), cagA, and vacA
have an essential role in the stimulation of epithelial cells
and Stimulates innate immune system (13). Besides, cagA
is a major H. pylori virulence factor in cagPAI and one of the
most significant markers for the presence of cagPAI in H. py-
lori strains. Some studies indicated special clinical features
in people with gastroduodenal disorders by infection with
cagA-positive H. pylori strains.

Clinical symptoms such as vomiting, difficulty swal-
lowing, and abdominal pain make it possible to detect
bacterial infection in the early stage. On the other hand,
clinical manifestations are a useful way to assess bacte-
rial surveillance. However, because of increased H. py-
lori antibiotic resistance, bacteria diagnosis in the early
stages may be the best way to eradicate the disease. More-
over, estimates show that cagPAI comprises about 40 genes,
among which seven genes comprise the type IV secretion
system (T4SS). Therefore, T4SS transfers CagA into the host
epithelial cells and induces cell toxicity and vacuolation
(17). CagA is also a surface protein with high immunization
potential, which can result in the deformation of spindle-
shaped cells after entrance into stomach epithelial cells.

Entering the CagA protein into target cells and cell sig-
naling interference can increase the pathogenicity and ex-
press cagPAI-related genes. In addition, cagA expression in
the strains can lead to several morphologic changes, in-
cluding bacterial generation and apoptosis in host cells.
It was found that cagA-positive strains have high potency
to nesting, erosion, and inflammation (18). Furthermore,
vir genes are part of cagPAI and have a similar structure to
T4SS called cagPAI and ComB, which are located before and
after dupA locus, and thus have been considered as third
T4SS (19).

The vacA gene includes three main regions of the sig-
nal zone that are characterized by s1 and s2, the middle re-
gion (m1 and m2), and the intermediate region (i1, i2, and
i3). These polymorphic zones exhibit different combina-
tions, some of which have the highest activity to make hu-
man gastric diseases (20, 21). Due to mosaicism, a com-
bination of different distinct regions of vacAs/m/i resulted
in eight possible combinations (subtypes) (11). Because of
vacA mosaicism, different H. pylori strains may show dif-
ferent pathogenicity capacities (22). In most studies con-
ducted in Iran, the i region vacA genotyping has received
less attention. In this research, we considered all three vacA
gene regions. Our results interestingly implicated that m1
and i1 alleles had a significant relationship with gastritis
and adenocarcinoma. However, i1 allele has more activity
than i2. One of the studies in the field showed the relation-
ship of a combination of strains, i1 allele, and s1m1 allele
with more cytotoxic activity and peptic ulceration. The s1i1
genotype induces the severe vacuolating activity of vacA
and thus can lead to metaplasia and inflammation com-
pared to s1i2 or s2i2 (23).

2. Objectives

The present study aimed to conduct a survey on H. py-
lori genotyping and examine survey relationship between
different H. pylori genotypes and different vacA alleles in
gastric disease incidence.

3. Methods

3.1. Collection of Patients’ Samples

Gastric biopsy specimens were collected under the
decision of gastroenterologists following the upper en-
doscopy of 68 patients with gastroduodenal symptoms
during six years. Thirty-four specimens were diagnosed
as adenocarcinoma and the remaining samples were ob-
tained from patients with gastric ulcers and gastritis. A
questionnaire, including demographic data and medical
history, was completed for each patient. Then, all of
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the samples were tested by the Rapid Urease test (RUT)
(Baharafshan, Iran) and consequently were subjected to
pathological examinations. The biopsy samples were kept
at -20°C to be used later. All subjects of the study signed in-
formed consent forms before endoscopy. In the next stage,
a disinfected endoscope was used to take two biopsy spec-
imens from the antrum. Giemsa reagent was utilized to
stain one piece of each specimen to screen for H. pylori. All
samples were placed in 0.1 mL of sterile saline solution and
transferred to the Genetic Laboratory of Ahvaz Jundisha-
pur University of Medical Sciences for additional analysis.

3.2. Extraction of Genomic DNA From Helicobacter pylori

The DNA extraction kit manufactured by Qiagen DNA
Mini Kit, Iran, was used to isolate the DNA from biopsy
samples following the manufacturer’s instructions. Then,
the quantity and quality of the resulting extracted DNA
were examined on 2% agarose gel electrophoresis and Nan-
oDrop (Nano-drop Technologies, Wilmington, DE, USA) at
the wavelength of 260/280 nm. The extracted DNA was uti-
lized for subsequent experiments of the polymerase chain
reaction (PCR). Then, ureC was primarily amplified by us-
ing specific primers for the detection of H. pylori DNA in
all samples. The sequence of the cagA, cagC, virB2, and
vacA genes was deposited in the GenBank database. Finally,
Gene Runner 3.5 was employed to design specific forward
and reverse primers to the amplified genes, as given in Ta-
ble 1.

3.3. Amplification of vacA (s1, s2, m1, m2, i1, i2) and cagA Genes

The PCR was performed using a thermal cycler (Master-
cycler Gradient, Eppendorf, Germany) in a total reaction
volume of 25 µL consisting of 2.5 µL of 2 mM MgCl2, 2.5 µL
of 10x PCR buffer, and 100 mM dNTPs of each forward and
reverse primer, one unit of Taq DNA polymerase, and 1µg of
DNA sample (all chemicals from Fermentas, Thermo Fisher
Scientific, Germany). Then, H. pylori strain ATCC 43504 was
exploited as a positive control. A cagA negative strain pur-
chase from Ahvaz Jundishapur University of Medical Sci-
ences. It should be noted that PCR temperature conditions
involved an initial denaturation at 95°C for 5 min, followed
by 35 cycles, denaturation at 94°C for 1 min, annealing at
61°C for 1 min, and extension at 72°C for 1 min. Then, we pro-
grammed the resulting extension phase at 72°C for 5 min,
and eventually, the amplified samples were held at 15°C.

3.4. Statistical Analysis

Statistical analysis was done using SPSS 20 software
(SPSS Inc., Chicago, IL, USA). The chi-square test and Fisher’s
exact two-tailed tests were used to assess any significant re-
lationship between the prevalence of H. pylori strains and

Table 1. Primers Used in Analysis of Helicobacter pyloricagA and vacA Alleles

Gene Primer Sequence 5’ → 3’ PCR Amplicon
Size, bp

ureC
F: AAG CTT TTA GGG GTG TTA GGGGTTT

296
R: AAG CTT ACT TTC TAA CAC TAA CGC

cagA
F: ATA ACA GGC AAG CTT TTG AGG

349
R: TGC AAA AGA TTG TTT GGC AGA

vacAs1
F: CTC TCG CTT TAG TAG GAG C

213
R: CTG CTT GAA TGC GCC AAA C

vacAs2
F: GCT AAC ACG CCA AAT GAT CC

199
R: CTG CTT GAA TGC GCC AAA C

vacAm1
F: GGT CAA AAT GCG GTC ATG G

290
R: CCA TTG GTA CCT GTA GAA AC

vacAm2
F: GGA GCC CCA GGA AAC ATT G

352
R: CAT AAC TAG CGC CTT GCA C

vacAi1
F: GTT GGG ATT GGG GGA ATG CCG

426
R: TTA ATT TAA CGC TGT TTG AAG

vacAi2
F: GTT GGG ATT GGG GGA ATG CCG

432
R: GAT CAA CGC TCT GAT TTG A

cagC
F: ATGAAGTTTTTTACAAGAATC

360
R: TTAGCTTGCTCCTCCACTCTC

virB2
F: AAGATGAAAACAAAACATAAAG

318
R: CATCTAAAATAACCATTGAC

their genotypes. A P value of < 0.05 was considered statis-
tically significant.

4. Results

The DNA samples derived from gastric biopsy were H.
pylori-positive, according to the RUT and Giemsa staining.
All of the isolates were confirmed by the ureC gene PCR as-
say, as well. The cagA, cagC, virB2, and vacA PCR products
were analyzed on 2% agarose gel electrophoresis (Figure 1).
Moreover, 20.60% of women were H. pylori-positive, while
47.10% of men were infected (P = 0.221). However, no as-
sociation was found between the use of tobacco and al-
cohol and H. pylori infection. Additionally, this infection
was higher in patients aged 50 years or lower (39.70%) than
in older ones (27.90%), although the relationship was not
significant (P = 0.338). Figure 2 presents a summary of
the co-occurrence of gastric diseases, including lymphoid,
metaplasia, duodenal ulcer (DU), gastritis, non-ulcer dis-
ease (NUD), gastric ulcer (GU), and gastroesophageal reflux
disease (GERD) with adenocarcinoma.

Using the PCR-electrophoresis analysis, the presence
of the cagPAI region (with cagA, cagC, and virB2) was de-
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Figure 1. Amplification of cagA, cagC, virB2, and vacA alleles and subtypes using PCR-
electrophorestic identification of amplified products of Helicobacter pylori: 1, nega-
tive control; 2, cagC 360 bp; 3, vacAi2 432 bp; 4, cagA 349 bp; 5, vacAs1 213 bp; 6, vacAs2
199 bp; 7, vacAm1 290 bp; 8, vacAm2 352 bp; 9, cagA positive control 349 bp; 10, vacAi1;
426 bp; 11, virB2 318 bp; 12, ureC 296 bp; M, 100 bp marker.

termined in all collected samples, and half of them were
adenocarcinoma-positive. Figure 3 depicts the presence
of cagA, cagC, and virB2 in adenocarcinoma and gastritis.
The obtained data showed that the presence of cagA (P =
0.0.002), cagC (0.002), and virB2 (0.001) genes had a sig-
nificant association with adenocarcinoma outcome. In
gastritis, the detection of cagA, cagC, and virB2 genes was
calculated as 25.00% (P = 0.009), 22.10% (P = 0.019), and
16.20% (P = 0.013), respectively. Notably, 16.50% of the 51.50%
cagA-positive samples were from females and 35.30% from
males. However, no significant relationship was found be-
tween the cagA gene and gender (P = 0.249)

Observations indicated that 86.8% of 68 collected sam-
ples were detected as vacA-positive (P = 0.001). It was found
that s1m1i1 (22.1%) and s2m2i2 (13 cases) were the most ob-
served genotypes among the samples. However, in the
adenocarcinoma samples, the most observed genotypes
were s1m1i1 (22.60%; P = 0.008) and s2m1i1 (8.80%; P = 0.012),
which were associated with adenocarcinoma occurrence.
Moreover, m1 and i1 alleles were significantly contributed
to adenocarcinoma and gastritis, but no association was
observed between m1 and i1 alleles and duodenum ulcer
(Figure 4). In addition, statistical analysis showed a signifi-
cant difference between the s1m1i1 genotype and adenocar-
cinoma patients (Figure 5).

5. Discussion

As known, H. pylori is a worldwide infection with vari-
able prevalence in different geographic regions. In 1994,
the International Agency for Research on Cancer (IARC) in-
troduced H. pylori as one of the class I carcinogens and dan-

gerous factors for stomach cancer (16, 24). It was consid-
ered an etiologic agent of gastritis and the main factor in
5.5% of common gastric cancers and lymphoid malignan-
cies (25). According to research, 75% of gastric cancer cases
do not occur in the absence of H. pylori. Based on Iranian
research, almost 90% of adults and more than 50% of chil-
dren under the age of 15 are infected with H. pylori (26). The
identification of individuals at high risk of gastric cancer
that may enter a surveillance and intervention program
during the precancerous process is the most suitable strat-
egy for decreasing mortality due to this malignancy.

This study showed an association between different
genotypes of vacA genes in H. pylori-positive Iranian sam-
ples who were suffering from adenocarcinoma and gas-
tric diseases. Therefore, it was focused on the presence of
the main virulence genes like vacA allele and cagPAI (cagA,
cagC, virB2) and also their correlation with gastrointesti-
nal diseases. The vacA gene-encoded protoxin with 140 KD,
which converted into a mature toxin with 88 KD after se-
cretion. The vacA gene polymorphisms caused cell toxic-
ity resistance. Diversity in the s, m, and i regions of the
vacA gene influenced the VacA protein. Specifically, a va-
riety of s and i subunits promoted effective vacuolation,
whereas the m region contributed importantly to the vac-
uolated cell diagnosis via an effective connection of the
toxin to the host cell (25, 27, 28). In addition to genotyp-
ing, the present study surveyed the relevance of adenocar-
cinoma outcome with another gastric disease. Therefore, it
was observed that adenocarcinoma had a significant corre-
lation with lymphoid, duodenal ulcer, gastritis, and MASS,
but there was no significant correlation between metapla-
sia, NUD, and GERD.

These data showed that persons who are suffering from
gastric ulcer, duodenal ulcer, gastritis, and lymphoid but
had not been untreated were at the increased risk of gastric
cancer. Similar to the obtained data by Farshad et al. (29),
we found that 51.5% of the collected specimens with gas-
tric infection are positive for vacA genes. Moreover, a cor-
relation was observed between vacA genotypes and some
gastric diseases such as adenocarcinoma, NUD, and gastri-
tis. In addition, Souod et al. (30) reported the same result
as achieved in the current data. However, some previous
studies showed that vacA genotypes are not useful markers
to anticipate clinical outcomes. As an example, Jafari et al.
did not find any association between vacA genotypes and
gastric disease (11). Moreover, the prevalence of cagA posi-
tive strains in the southwest of Iran was 95.03%, so that the
authors reported that East Asian strains were dominant in
this region. The results of several studies suggested that
the prevalence of bacterial types could also change over a
year (3).

The comparison of cagA in East Asian countries and
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Figure 3. Correlation between adenocarcinoma, gastritis, and Helicobacter pylori genes

western countries showed that gastric cancer is more
strongly associated with H. pylori strains carrying East
Asian cagA in geographical regions where two different
strains coexist (25). In this regard, the frequency of the
cagA gene in Malaysia was reported to be higher than 94%
(30). In addition, cagA prevalence in China and neighbor-
ing countries such as India was reported to be 93.2% and
96.2%, respectively (12). Such a variety in the cagA gene fre-
quency in different countries is due to differences in the in-
fected population, geographic condition, and strains’ ge-
netic diversity. Kamogawa-Schifter et al.’s study (31) indi-
cated that the prevalence of the cagA gene in people suffer-
ing from duodenal ulcers and gastric cancer was 78% and
86%, respectively. Similarly, the 65.50% frequency of cagA
was found in peptic ulcer isolates in a study carried out in

Turkey (32). Furthermore, cagA pervasiveness in Mexican
patients was reported to be 57% in chronic gastritis, 58.3%
in gastric cancer, and 61.4% in gastric ulcer (33).

In the present research, cagA-positive strains isolated
from patients suffering from peptic ulcers, peptic cancer,
and gastritis were 68.60%, 68.60%, and 48.6%, respectively.
The frequency of cagPAI genes, vacA in peptic ulcer, and
adenocarcinoma equaled 35.5% that is more than in gas-
tritis and there were significant differences in the pres-
ence of these genes between adenocarcinoma and gastri-
tis. Such different percentages between the mentioned
genes and their genotypes, as well as differences among
various countries, may be related to the geographic spread.
Therefore, it may be concluded that the co-presence of cagA
and vacA may worsen the disease outcome and increase
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the pathogenesis (25, 27). Hence, this study considered
the prevalence of cagPAI in adenocarcinoma and gastritis
and found that most cagA-positive people were also vacA-
positive; however, all cagA-negative people were not nec-
essarily vacA-negative. Despite the difference in gene fre-
quency, the existence of cagPAI and vacA could be consid-
ered a marker for disease intensity, and thus the impor-
tance of other factors such as environmental factors could
not be ignored (32).

The association between these alleles, disease intensity
and type of diseases such as gastritis, gastric ulcer, and
adenocarcinoma was investigated, as well. It was found
that the frequency of vacA alleles was almost equal in ade-
nocarcinoma, gastritis, peptic ulcer, lymphoid, DU, NUD,

metaplasia, and presence of masses, and no significant dif-
ference was observed (Figure 4). However, vacAi1 and va-
cAm1/m2 had a significant correlation with gastrointestinal
diseases in some cases. In this context, vacAi1 and m1 alleles
were significantly related to adenocarcinoma. Moreover,
there was a significant relationship between vacAm2 and
vacAi1 alleles and gastritis in patients suffering from gas-
tritis (34).

Based on various research on the equality of s1/s2 al-
leles, it is of high importance to survey other regions of
the vacA gene. According to the current study, among va-
cAm alleles, m1 had a higher frequency than m2. Moreover,
m1 with higher frequency than m2 was found in adeno-
carcinoma and gastritis cases, which was statistically sig-
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nificant. These results are consistent with the investiga-
tions conducted in Japan, China, and South Korea, where
the high frequency of m1 allele was reported in adenocarci-
noma and gastritis (34), although it did not match the ob-
served results in Vietnam and Hong Kong (19). It seems that
the m1 allele has a high potential compared to m2, although
it is not sufficient to diagnose high-risk patients. Moreover,
a high frequency of the i1 allele was observed in adenocarci-
noma cases in comparison with i2, and this difference was
significant. Our data are similar to those obtained in Chi-
nese adenocarcinoma patients (35).

The results of this research and other studies carried
out in various parts of the world showed that the va-
cAi1 and vacAm1 alleles had a positive impact on bacte-
rial pathogenicity. These alleles have a significant corre-
lation with gastritis and adenocarcinoma (30). According
to the results from 46 H. pylori-positive samples (67.60%),
37 cases carried the vacA gene, and 29.40% of them had
the vacAs1m1i1 genotype. This genotype was considered
to be dominant. It was also reported that the H. pylori
s1m1i1 genotype had a higher potential for vacuolation than
other genotypes such as s2m2i2 and s1m2i2. Most of the
isolated strains in this research had s1m1i1-dominant geno-
types, similar to studies performed in Afghanistan and Iran
(36). On the other hand, it is inconsistent with the study
conducted in Nigeria. In Nigerian patients, the s1m1i1 geno-
type accounted for high pathogenicity with the lowest fre-
quency that was against the high pervasiveness of H. py-
lori in this population. However, there was no association
with some diseases such as duodenal ulcers and gastric
lymphoma (37). Among the reviewed genotypes, H. pylori
cagA+, s1m1i1 strains had a high frequency in patients with
adenocarcinoma. Furthermore, cagA- and s2m2i2 had a sig-
nificantly negative correlation with adenocarcinoma out-
come.

Among eight examined genotypes of cagA+, s1m1i1
(44.10%) and s2m1i1 (17.60%) had the highest frequency
in patients with adenocarcinoma. The above-mentioned
genotypes had a significant correlation with adenocarci-
noma. Our data are consistent with a study carried out
by Amer et al. in Egypt (38). Even though the results of
some investigations conducted in other parts of the world
are different from ours (37), the most common vacA geno-
types were s1m1 and s2m2 in Cuban patients. In brief, in
H. pylori infections, some pathogenic factors such as envi-
ronmental factors, genetic elements of the host cell, and
bacterial pathogenicity can affect the disease outcome. It
seems that various H. pylori strains can cause diverse forms
of gastroduodenal disease. It should be noted that the cur-
rent study used cagA, cagc, vacA, and virB2 genotypes to
identify H. pylori strains isolated from patients. The vacA-
positive strains isolated from ulcer patients were signifi-

cantly more than those from non-ulcer patients. However,
any significant differences were not found in the frequency
of positive cagA isolates between ulcer patients and non-
ulcer patients.

Therefore, based on our results and others from vari-
ous countries such as Egypt, vacAi1, and m1 play important
roles in gastrointestinal malignancies. Hence, the inter-
mediate regions of the vacA gene can be used as an indi-
cator used to predict H. pylori diseases, including gastric
cancer (38). Additionally, as the geographical region can af-
fect the prevalence of vacA genotypes, it is highly proposed
to clarify the population-specific distribution of hotspots
genotypes by other specialists. Furthermore, more investi-
gations in various parts of the world are proposed to illus-
trate the pathogens such as H. pylori involved in gastroduo-
denal diseases.

5.1. Conclusions

The present study addressed the prevalence of H. py-
lori virulence factors and adenocarcinoma cases in people
with gastric cancer for the first time in Iran. The results
showed that none of the treatments of stomach-associated
diseases could lead to adenocarcinoma and gastric can-
cer. Therefore, it is proposed to treat bacterial infections
around the world and prevent worldwide death caused by
cancer. For this reason, designing an effective vaccine to
prevent gastric cancer, especially in people susceptible to
the disease, seems to be necessary to decrease the cost of
treatment. Although in most studies, the i region vacA
genotyping has received less attention, the current results
interestingly showed that the i1 allele had a significant rela-
tionship with gastritis and adenocarcinoma. The identifi-
cation of individuals at high risk of gastric cancer that may
enter a surveillance and intervention program during the
precancerous process is the most suitable strategy for de-
creasing mortality due to this malignancy. In addition, the
determination of genotypes of H. pylori isolates in this pop-
ulation may allow us to further understand the relation-
ship between putative virulence genes and clinical disease.
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